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INTRODUCTION  AND  GENERAL  DESCRIPTION  OF  THE  DIGITAL  AUDIO  CAPTURE 
AND  RECOGNITION  SYSTEM  (DACIS) 


The  DACIS  system  is  designed  to  be  an  animal  mounted  (eventually  bird  borne)  system 
which  records  and  analyzes  animal  noises  automatically.  While  the  DACIS  is  fairly  complex,  it  is 
actually  an  advanced  acoustic  sensor  from  a  system  point  of  view.  The  goal  of  the  prototype  system 
described  here  is  to  be  able  to  identify  with  a  high  degree  of  reliability  4  animal  calls  from  a  single 
or  multiple  species.  The  system  is  based  on  an  8-bit  MC68HC811  microprocessor  that  contains 
EEPROM,  an  8-bit  A/D  converter  and  a  serial  interface,  all  of  which  are  used  in  the  DACIS  design. 
The  prototype  board  is  1.95”  square  and  weighs  18.2  grams.  This  version  incorporates  a  socket, 
which  increase  the  size  and  weight  of  the  board.  The  final  design,  which  has  been  laid  out,  is  1.85” 
square  and  should  weigh  less  than  15  grams. 

The  present  design  captures  5  seconds  of  audio  at  6,000  samples  per  second  to  yield  a 
theoretical  high  frequency  capture  of  3  kHz.  The  system  then  performs  10  digital  filters  on  each  of 
ten  0.5  second  time  epochs  to  yield  a  matrix  of  100  time/frequency  parameters.  These  parameters 
are  then  normalized  to  account  for  volume  level  differences  and  then  compared  to  a  stored  table 
using  a  pattern-matching  algorithm. 


The  DACIS  unit,  while  in  the  listen  mode,  only  has  the  microphone,  2-stage  amplifier,  and 
threshold  comparator  circuit  operating.  In  this  mode,  the  unit  consumes  only  900-1300  pA  of 
current  at  5  VDC.  If  the  volume  level  exceeds  a  preset  threshold  (adjustable  on  the  board),  then  the 
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processor  is  awoken  from  its  STOP  (low  power)  mode  and  starts  the  digital  5  second  recording. 
While  recording  and  performing  the  analysis,  the  DACIS  system  consumes  approximately  16  mA 
and  this  analysis  takes  17  minutes  per  animal  call. 

SOFTWARE  DESCRIPTION 

The  assembly  language  software  for  the  DACIS  includes  subroutines  that  perform  the 
following  maj  or  tasks : 

1)  Interrupt  trigger  of  processor 

2)  Digital  5  second  recording 

3)  10  frequency  band  digital  band-pass  filters 

4)  Subroutine  for  normalization  of  filter  outputs 

5)  Pattern  matching  against  four  stored  templates 

6)  Communication  with  Dahlgren  furnished  ARGOS  PTT  host  microprocessor 

The  software  for  the  DACIS  system  was  written  entirely  in  assembly  language  and  the  test 
software  for  the  host  PC  was  written  in  BASIC.  The  software  initializes  memory  locations  and 
other  parameters  and  then  executes  the  STOP  command  that  halts  all  microprocessor  functions 
including  the  oscillator  for  maximum  power  conservation.  The  IRQ  (Interrupt  ReQuest)  line,  which 
is  pulled  low  by  the  comparator  when  the  audio  volume  exceeds  a  preset  threshold,  awakens  the 
processor  from  the  stopped  state.  The  processor  then  records  5  seconds  of  audio  at  6,000  samples 
per  second.  Then,  the  software,  in  the  routine  DIGMLT  (for  digital  filter)  performs  10  FIR  (Finite 
Impulse  Response)  filters  at  frequencies  from  250  Hz  to  2500  Hz  in  250  Hz  increments.  The  filters 
are  23  stage.  This  number  was  determined  from  simulations  run  on  a  PC  to  obtain  suitable  fall  off 
without  too  much  filter  overlap.  The  10  filters  are  run  on  each  of  10  time  epochs  which  are 
approximately  0.5  seconds  in  length  (the  exact  length  is  0.512  seconds  to  ease  software  design). 

After  completing  the  digital  filters,  the  100  parameters  obtained  are  normalized  to 
compensate  for  differences  in  volume  level  during  recording.  The  next  routine  is  the  pattern  match 
routine  which  performs  the  least  squares  fit  to  the  100  template  parameters  for  each  of  the  four 
stored  templates.  The  formula  used  is: 


where  aij  and  cy  are  the  filter  outputs  and  template  parameters  respectively.  The  last  routine  that 
was  going  to  be  implemented  was  simple  threshold  detection  for  positive  identification  of  the  calls. 
It  was  decided  to  not  implement  that  routine  (although  it  is  coded  into  the  DACIS  processor)  and 
instead  to  transfer  all  four  correlation  values  from  the  above  equation  for  each  call  to  the  Dahlgren 
unit. 
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There  can  be  timing  problems  with  missed  bytes  if  the  PC  utilized  is  a  very  new  fast 
processor.  Adjusting  timing  loops  in  the  PC  code  can  compensate  for  this. 

HARDWARE  DESCRIPTION 

The  design  of  the  hardware  is  complete.  The  MC68HC11  microprocessor  contains  internal 
RAM  (Random  Access  memory),  EEPROM  (Electrically  Erasable  Read  Only  Memory),  a  UART 
(Universal  Asynchronous  Receiver  Transmitter)  and  A/D  (Analog  to  Digital)converter  subsystems 
on-chip  which  are  used  in  this  design. 

A  two-stage  amplifier  built  from  an  LM358AM  dual  operational  amplifier  amplifies  the 
microphone’s  signal.  Then,  the  signal  is  fed  into  an  LM339  voltage  comparator.  When  the  sound 
level  exceeds  a  threshold,  which  is  set  by  an  on  board  trimmer  potentiometer,  the  IRQ  line  of  the 
processor  is  brought  low  and  the  processor  awakens  from  its  low  power  “sleep”  state  and  starts 
recording.  The  memory  is  a  128K  byte  by  8  static  RAM  of  which  all  128K  can  be  addressed  in  the 
present  hardware.  However,  the  present  software  only  requires  about  32K. 

Two  versions  of  the  DACIS  processor  were  laid  out  and  2  prototypes  of  one  version  were 
fabricated.  One  version  has  no  socket  for  the  microprocessor  and  the  second  version,  which  is 
slightly  larger,  has  a  socket.  The  sizes  are  1.85”  square  and  1.95”  square  respectively.  The  version 
with  the  socket  version  has  been  fabricated  since  this  version  allows  easy  removal  of  the 
microprocessor  for  software  changes. 

POWER  SUPPLY  REQUIREMENTS 

The  DACIS  board  requires  regulated  5  VDC  +/-500mV  as  there  is  no  on  board  voltage 
regulation.  The  current  consumption  varies  somewhat  from  unit  to  unit  but  is  between  900  pA  and 
1250  pA  during  the  listen  period  and  15  mA  and  34  mA  during  the  record  and  signal  analysis 
periods.  The  DACIS  system,  other  than  audio  “awakening”  has  no  internal  method  to  completely 
shut  itself  off  It  shuts  down  all  of  its  own  internal  timers  while  in  the  “stop”  mode  to  save  power 
and  therefore  has  no  reference  of  how  much  time  has  passed.  Therefore,  in  the  Dahlgren 
application,  the  Dahlgren  unit,  which  does  have  a  real-time  clock,  will  be  responsible  for  time 
keeping.  The  maximum  number  of  calls  to  be  analyzed  over  any  set  time  period  can  be 
programmed  by  having  the  Dahlgren  processor  shut  down  power  to  the  entire  DACIS  unit  until 
further  analyses  are  desired. 

DAHLGREN  INTERFACE 

The  details  of  the  Dahlgren  interface  were  not  confirmed  until  August  of  1998.  The 
interface  functions  as  follows.  There  are  2  serial  lines  (one  in  each  direction),  0-5  volts  at  9,600 
baud,  8  bits,  1  stop  bit  and  no  parity  between  the  two  processors.  The  DACIS  will  keep  the  transmit 
line  at  high  impedance  until  it  is  given  permission  to  transmit  data  (see  below).  There  are  2 
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additional  handshaking  lines,  again  one  in  each  direction  between  the  two  processors.  After 
analyzing  a  call,  the  DACIS  will  raise  its  line  high  to  signal  the  Dahlgren  processor  that  it  has  data 
available  for  transfer.  When  it  is  ready,  the  Dahlgren  processor  will  raise  its  line  to  the  DACIS  high 
signaling  that  it  is  prepared  for  data  transfer.  The  DACIS  will  immediately  enable  the  transmitter 
and  await  an  ASCII  “S”  from  the  Dahlgren  unit  over  the  serial  link.  The  DACIS  will  wait 
essentially  forever  in  an  infinite  loop  until  it  sees  this  “S”  or  an  “R”  for  resend.  The  DACIS  will 
then  transfer  4  bytes  that  correspond  to  the  four  template  matches.  After  transferring  the  data  once, 
the  DACIS  will  wait  for  about  0.5  seconds  to  see  if  an  “R”  or  “S”  is  sent  to  request  that  the  data  be 
sent  again.  If  the  DACIS  does  not  receive  an  “R”  or  “S”  within  the  0.5  seconds  it  will  reset  and 
wait  to  analyze  the  next  call.  If  it  does  it  will  wait  again  for  another  0.5  seconds.  The  unit  can  be 
kept  in  this  mode,  resending  the  same  data  forever  if  requests  are  continually  sent  within  0.5  second 
windows. 

The  last  portion  of  the  Dahlgren  interface  is  that  the  Dahlgren  processor  will  have  control 
over  the  DACIS  power  lines  so  that  if  too  many  analyses  are  being  conducted,  the  Dahlgren  unit  can 
shut  down  the  DACIS  board  temporarily  to  save  system  battery  power. 

The  wiring  connections  on  the  ribbon  cable  to  the  DACIS  board  are  as  follows: 


BLUE: 

Ground 

GREEN: 

Dahlgren  to  DACIS  control  line 

YELLOW: 

DACIS  to  Dahlgren  control  line 

ORANGE: 

Serial  data  output 

RED: 

Serial  data  input 

BROWN: 

+5VDC 

TRIGGER  SOUND  LEVEL  ADJUSTMENTS 

The  gain  of  the  two  stage  audio  amplifier  is  fixed  at  a  level  that  was  found  to  be  suitable  for 
most  anticipated  wildlife  environments.  The  goal  was  to  obtain  reasonable  gain  without  the 
amplifier  saturating.  However,  the  trigger  threshold  is  adjustable  by  adjusting  a  small  trimmer 
potentiometer  on  the  back  (opposite  side  from  the  processor)  of  the  board.  The  setting  of  this 
potentiometer  is  quite  “touchy”.  All  of  the  trimmers  were  set  at  APL  during  testing  to  a  level  that 
seemed  appropriate.  However,  without  actual  field  data  to  indicate  most  likely  volume  levels  for  a 
specific  species,  the  level  set  at  APL  may  need  further  adjustment.  If  the  level  is  set  to  be  too 
sensitive,  the  unit  will  trigger  too  frequently  on  spurious  sounds.  Therefore,  it  is  recommended  that 
the  unit  be  set  slightly  to  the  less  sensitive  side  of  what  may  be  perceived  as  optimum.  The  setting 
found  at  APL  to  be  best  yields  a  voltage  of  1 .5  volts  at  pin  4  of  the  LM339  comparator. 
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TEST  RESULTS 

A  very  limited  number  of  tests  were  performed  on  the  DACIS  with  four  types  of  wolf  calls 
that  were  named  growls,  howls,  whines  and  barks.  The  howls  and  barks  frequently  blend  together. 
This  is  one  of  several  factors  which  indicate  that  from  an  acoustic  standpoint,  wolves  appear  not 
have  been  an  “easy”  first  target  animal  for  the  DACIS  system.  Wolves  were  chosen  because  of  the 
availability  of  acoustic  data  and  because  they  are  large  enough  to  carry  a  large  collar  with  the 
Dahlgren  Argos/GPS  unit. 

The  data  were  first  analyzed  on  a  PC  in  Excel  with  digital  filter  outputs  transferred  across  a 
serial  link  from  the  DACIS.  This  was  done  so  that  actual  wolf  calls,  as  recorded  through  the 
DACIS  microphone  and  recorded  by  its  processor  could  be  used.  The  threshold  value,  which  can 
now  be  selected  at  the  analysis  station,  can  be  moved  up  or  down  so  as  to  reduce  false  positives  or 
false  negatives  or  the  total  error  rate.  As  the  spreadsheets  show  in  Enclosure  4,  a  threshold  value  of 
17  was  found  to  be  optimal  yielding  no  false  positives  and  25%  false  negatives  in  early  testing. 
Later  tests  showed  up  to  50%  false  negatives  but  still  no  false  positives  with  a  threshold  of  20  or 
lower. 


An  additional  analog  data  tape  received  in  August  1998  provided  few  if  any  wolf  calls  of 
quality  worthy  of  conducting  additional  testing.  Therefore,  after  discussions  with  the  sponsor,  it 
was  decided  not  to  conduct  further  analyses.  It  was  agreed  upon  to  instead  load  the  existing 
template  parameters  into  the  DACIS  and  to  complete  the  software  for  the  Dahlgren  interface. 


PNCxco 


PN  Cutchis,  M.D. 
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Internal  Distribution: 


PN  Cutchis  (w/enclosures) 
B  Henke  (w/enclosures) 

JC  Murphy  (w/enclosures) 
WS  Seegar  (w/enclosures) 
CMI  Files  (w/enclosures) 


Enclosure  1 

Schematics  of  DACIS  Processor  Board 
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1  WHERE  APPLICABLE.  UNLESS  OIHERWSE  SPECIFIED: 

ALL  RESISTANCES  ARE  IN  ONUS 

ALL  CAPACITANCES  ARE  IN  FARADS 
ALL  VOLTAGES  ARE  DC 
THE  SVU80L  .  REPRESENTS  A  SPACE 
[^g]l  I  SHEET  TO  SHEET  REFERENCES 

2  THE  FOLLOWING  ARE  THE  LAST  REF  DESIGNATIONS  USED: 

CIS.  uKi.  Rie.  ue.  vi 

3  THE  FOLLOWING  ARC  UNUSED  REF  DESIGNATIONS: 


4  UNLESS  SHOWN  ON  THE  ACTUAL  CIRCUITRY.  ALL  POWER 
CONNECTIONS  FOR  INTEGRATED  CIRCUITS  WILL  BE 
REPRESENTED  ON  THE  ’1C  POWER/GROUNO  CHART’ 


C  POWER/GROUND  CHART 


6  PLATED 
THROUGH  HOLES 
OR  OTHER  HEANS 
TO  ATTACH  6 
CONDUCTOR 
RIBBON  CABLE 
NEAR  BOARD  EDGE 


Enclosure  2 

Assembly  Language  Software 
For  DACIS  Processor 
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END 
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Enclosure  4 

Filter  Output  Data  and  Analysis  of  Wolf  Calls 
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116 

85 

29.5 

21 

18 

16.75 

6.5 

12 

9.25 

EPOCH  2 

132 

120.5 

82.5 

39.5 

19.75 

17.75 

8.5 

7.75 

12.25 

10.25 

EPOCH  3 

113 

127.5 

91.5 

34 

22 

18.25 

11.25 

11 

12.75 

9.25 

EPOCH  4 

74.75 

32.5 

19.5 

17.25 

EPOCH  5 

71.5 

29.5 

18.25 

IHKE 

5.75 

12 

9.25| 

EPOCH  6 

65.5 

25.75 

20.25 

17.75 

IHHS 

EPOCH  7 

68.75 

25.75 

19 

17.75 

8 

■l^ 

EPOCH  8 

85.5 

63.25 

25.25 

18.5 

16 

6.25 

6.25 

12.25 

7 

74.5 

63.25 

42.75 

23.5 

16.5 

15 

5.5 

5.25 

12 

5 

EPOCH  10 

82.75 

61.75 

48.5 

27 

16.5 

15 

4.5 

4.25 

12 

6 

SUM 

1085 

1007.75 

694 

292.25 

191.25 

169.5 

94.5 

67.75 

123 

82.75 

mam 

23.54 

15.41 

4.91 

1.78 

1.22 

0.33 

1.69 

GROWL  CC 

)MPOSIT 

_ 

250 

500 

750 

1000 

1250 

1500 

2250 

2500 

EPOCH  1 

107.5 

91.75 

54 

28 

27 

24.5 

29.25 

22.5 

17.5 

9.25 

EPOCH  2 

116.25 

94.25 

67.5 

33.5 

28.75 

35.5 

24.75 

19.75 

11.5 

EPOCH  3 

126.75 

94.75 

57 

30.75 

23 

EPOCH  4 

103.5 

82.5 

49 

28 

27.25 

23.5 

26.5 

9.5| 

EPOCH  5 

97.75 

84.25 

57.25 

28.75 

25 

24 

23.25 

19.5 

18.5 

EPOCH  6 

102 

71.5 

47.25 

28.25 

26.25 

20.75 

14.75 

12 

EPOCH  7 

90.25 

50.75 

38.25 

25.5 

22 

19.25 

10 

EPOCH  8 

83.25 

90.75 

55.25 

32.25 

25.75 

21.25 

13.25 

EPOCH  9 

125.75 

79.75 

46.75 

28.5 

27.75 

20.25 

19 

14 

EPOCH  10 

101 

73.75 

51.5 

28.75 

25.25 

22.75 

21 

17.5 

17 

8.75| 

SUM 

1054 

814 

523.75 

292.25 

265 

228 

■E^ 

STDV 

14.16 

13.52 

7.85 

2.32 

2.24 

2.71 

6.57 

4.74 

1.37 

1.54 

IBARK  COMPOSITE 

1000 

1500 

1750 

2000 

2250 

EPOCH  1 

62 

59.25 

48 

■EOS 

39.75 

48.75 

36.5 

20 

■SB 

EPOCH  2 

63.25 

62.5 

HBdEII 

45.75 

28.75 

42 

30 

17 

■SQ 

EPOCH  3 

57.5 

58.5 

50.5 

47 

50.5 

30 

40 

26 

16 

10.5 

EPOCH  4 

64.5 

77.5 

51 

47.5 

29.75 

42.75 

27.75 

17.5 

11.5 

EPOCH  5 

53 

66.25 

44.25 

56 

42.75 

23.5 

26.75 

18.75 

13.25 

8 

EPOCH  6 

48.25 

53.75 

49.75 

48.5 

50 

27.25 

30.75 

22.5 

15 

9.75 

EPOCH  7 

47.5 

56.75 

36.25 

35.75 

35 

22.5 

EPOCH  8 

49.75 

61.75 

51.5 

45.5 

48 

30.5 

36.5 

31.75 

17.75 

11 

EPOCH  9 

44.25 

37.75 

36.5 

23.75 

8 

EPOCH  10 

51 

43.75 

42 

27.75 

9.75 

SUM 

487.25 

456.5 

459.5 

283.5 

99.25 

STDV 

7.38 

12.24 

6.47 

6.60 

7.61 

4.94 

25.00 

5.54 

2.33 

1.74 

WHINE  COI 

UIPOSITE 

250 

500 

750 

1000 

2500 

EPOCH  1 

70 

102.25 

36.25 

26 

39.5 

37.5 

13.75 

16 

10.25 

EPOCH  2 

74 

106.5 

33.75 

42.5 

29.5 

41 

63 

129 

22 

13 

EPOCH  3 

63.75 

30 

19.75 

20.75 

15.75 

14.75 

7.5 

6.75 

13 

6.25 

EPOCH  4 

65.25 

55.25 

27.25 

24 

18.75 

20.75 

17.25 

7 

EPOCH  5 

91.25 

93.75 

44.5 

32 

28 

39.25 

47.5 

22.75 

17 

11 

EPOCH  6 

171 

166 

77.5 

46.75 

54.75 

53.75 

54 

55.5 

26.5 

22.25 

41.5 

25 

25.75 

17 

19.25 

11 

EPOCH  8 

64.5 

24 

22 

17 

15.25 

9.75 

8.25 

13 

8 

EPOCH  9 

52 

21.75 

■SQI 

EPOCH  10 

75.25 

37.5 

21 

22 

HHEEli 

■OSS 

■ESS 

22.75 

SUM 

796.75 

692.75 

331.5 

308 

257 1 

304.25 

292.5 

293.5 

190.75 

317 

STDV 

33.63 

46.01 

17.44 

13.27 

25.00 

37.71 

5.67 

61.34 

Page  1 


COMPARISON  MATRIX 


8/21/98 


ICOMPARISON  MATRIX 

HOWL  COMP. 

GROWL  COMP. 

BARK  COMP. 

WHINE  COMP 

HOWL1 

13.74056494 

21.24445516 

33.45437191 

38.40712824 

HOWL2 

16.80887043 

22.16059284 

35.22939114 

39.9940308 

HOWL3 

14.69347219 

23.91959187 

35.05909297 

40.15504327 

HOWL4 

24.86761197 

26.65148917 

31.79158694 

43.17218433 

GROWL1 

29.80181412 

19.85414 

29.29334395 

42.67718946 

GR0WL2 

18.01577434 

14.64980802 

27.15059852 

30.23024148 

GROWL3 

22.19488961 

14.35502961 

24.54251413 

37.0136799 

GROWL4 

17.44485956 

16.59975527 

24.74772717 

36.97516058 

BARK1 

31.91814727 

25.19080934 

11.99979166 

33.94521321 

BARK2 

32.46295004 

26.74905372 

19.02971361 

41.93599289 

BARK3 

32.54901112 

25.52580802 

13.86001443 

39.13537402 

BARK4 

33.95383815 

26.61506857" 

17.09312727 

34.49213679 

WHINE1 

36.71986009 

33.99568906 

35.50880173 

2.739981752 

WHINE2 

36.41899401 

33.21719246" 

34.08364711 

1.103403825 

WHINE3 

36.21716616 

32.8367458 

33.29391836 

2.225421308 

WHINE4 

35.71460661 

32.577168 

33.57655432 

1.724093965 

THRESHO 

LD 

17 

%  POS  CORR. 

FALSE  NEG 

%NEG  CORR. 

FALSE  POS 

75" 

25 

100 

0 

TOTAL  CORRECT  RATE 

i 

1 _ 

93.75 

Page  1 


AVERAGE  IS:  33.2  i  03--29-id97 


FREQ  250  500  750  1000  1250  1500  1750  2000  2250  2500 


EPOCH 

1 

B51 

B48 

757  169 

139 

108 

52 

50 

69 

66 

EPOCH 

821 

879 

904  1 75 

120 

112 

49 

47 

69 

79 

EPOCH 

3 

543 

816 

600  174 

126 

98 

59 

41 

72. 

51 

EPOCH 

4 

596 

817 

355  252 

109 

91 

59 

39 

69 

-939B 

EPOCH 

5 

702 

639 

240  233 

107 

87 

41 

34 

69 

50 

EPOCH 

B 

688 

692 

245  137 

100 

85 

50 

35 

71 

42 

EPOCH 

n 

1 

B05 

595 

241  123 

100 

85 

51 

28 

69 

45 

EPOCH 

8 

7877  397 

148  117 

94 

8' 

28 

23 

68 

37 

EPOCH 

9 

451 

261 

115  112 

S7 

80 

26 

22 

68 

29 

EPOCH 

10 

33S  195  107  125 

5  BE 

80 

25 

22 

68 

26 

NORMALIZED  PARAMETERS 

FREQ 

250  500  750  1000  1250  1750  2000  2250  2500 

EPOCH 

1 

12! 

121 

1 40  30 

25 

19 

09 

08 

12 

12 

EPOCH 

2 

1  15 

164 

167  31 

?  7 

20 

08 

08 

12 

14 

EPOCH 

5 

i  00 

152 

111  31 

25 

18 

1  1 

07 

13 

08 

EPOCH 

4 

1  10 

115 

66  42 

19 

15 

1  1 

06 

12 

08 

EPOCH 

5 

131 

118 

44  42 

19 

15 

07 

06 

12 

08 

EPOCH 

6 

127 

128 

45  25 

18 

15 

08 

06 

12 

07 

EPOCH 

7 

1  12 

110 

44  23 

!S 

15 

08 

04 

12 

07 

EPOCH 

s 

!00 

/  w' 

28  20 

17 

1  4 

04 

03 

12 

06 

EPOCH 

9 

3  J 

47 

20  20 

15 

U 

04 

03 

12 

04 

EPOCH 

10 

66 

5  b 

19  22 

1  c; 

14 

03 

03 

12 

04 

08-2?- )3S7 

FREQ  250  500  750  1000  1250  1500  1750  2000  2250  2500 


EPOCH  1 

955 

S3B 

232 

149 

100 

97 

44 

31 

70 

57 

EPOCH  2 

923 

GS6 

301 

169 

109 

105 

49 

39 

72 

59 

EPOCH  5 

377 

863 

642 

201 

136 

1  19 

107 

74 

73 

68 

EPOCH  4 

947 

852 

589 

209 

128 

130 

91 

72 

70 

75 

EPOCH  5 

1  107 

932 

523 

185 

1  !  1 

125 

125 

51 

71 

79 

EPOCH  6 

1045 

767 

379 

174 

125 

142 

250 

63 

86 

d  ( 

EPOCH  7 

629 

468 

282 

162 

122 

122 

97 

71 

74 

53 

EPOCH  8 

421 

493 

526 

164 

I  17 

97 

53 

81 

68 

56 

EPOCH  9 

342 

390 

420 

145 

95 

89 

46 

64 

68 

45 

EPOCH  10 

532 

348 

651 

127 

98 

84 

38 

35 

60 

52 

NORMALIZED  PARAMETERS 


FREQ 

250  500 

750 

1000’ 

11250 

1750 

2000 

2250 

2500 

EPOCH 

\ 

145 

97 

35 

22 

15 

14 

06 

04 

10 

08 

EPOCH 

n 

4L 

140 

104 

46 

25 

16 

15 

07 

06 

1  1 

09 

EPOCH 

5 

133 

132 

98 

30 

20 

IS 

16 

1  1 

1  1 

10 

EPOCH 

4 

144 

130 

89 

31 

19 

19 

13 

!  1 

10 

1  1 

EPOCH 

5 

169 

142 

79 

28 

16 

19 

1  9 

0? 

10 

12 

EPOCH 

6 

159 

I  17 

57 

26 

19 

21 

58 

09 

13 

13 

EPOCH 

7 

96 

71 

43 

24 

18 

18 

14 

10 

1  1 

08 

EPOCH 

8 

64 

75 

80 

25 

17 

14 

08 

12 

10 

08 

EPOCH 

9 

52 

59 

64 

22 

14 

13 

07 

09 

10 

06 

EPOCH 

10 

50 

53 

99 

1  9 

14 

1 5 

05 

05 

10 

07 

‘\b 

«Q  I  937 

FREO  250  500  750  1000  1250  1500  1750  2000  2250  2500 


EPOCH 

1 

S!  9 

400 

170 

131 

1  16 

123 

184 

87 

80 

51 

EPOCH 

2 

660 

604 

369 

193 

175 

204 

37! 

223 

126 

90 

EPOCH 

3 

736 

561 

329 

157 

159 

142 

•136 

104 

92 

58 

EPOCH 

4 

542 

370 

160 

1  18 

104 

94 

62 

58 

84 

40 

EPOCH 

5 

632 

550 

368 

166 

143 

149 

164 

140 

)  IS 

61 

EPOCH 

6 

834 

677 

370 

188 

185 

124 

105 

69 

95 

7! 

EPOCH 

7 

322  167 

105 

1  10 

87 

80 

32 

24 

69 

7' *7 

EPOCH 

9 

560 

30B 

133 

12! 

97 

84 

38 

33 

69 

31 

EPOCH 

9 

421 

386 

256 

130 

132 

98 

96 

3? 

77 

55 

EPOCH 

10 

457 

37S 

278 

127 

124 

90 

63 

56 

70 

34 

NORMALIZED  PARAMETERS 


FREQ 

250 

500 

750 

1000 

1250 

1500 

1750 

2000 

7  7 

iL  ^ 

50  2500 

EPOCH 

1 

103 

79 

34 

24 

22 

24 

36 

17 

15 

03 

EPOCH 

y 

i3l 

120 

73 

36 

54 

40 

73 

44 

24 

17 

EPOCH 

U6 

{  I  1 

65 

31 

31 

“'7 

r 

26 

!  9 

18 

1  0 

EPOCH 

4 

i07 

73 

3 1 

23 

19 

18 

1  I 

10 

1 5 

07 

EPOCH 

c 

125 

I0S 

73 

32 

27 

26 

7  7 

w'4p» 

^  1 

1  1 

EPOCH 

B 

1  Gb 

1  34 

73 

36 

5b 

25 

20 

1  "7 
i  CJ 

13 

13 

EPOCH 

7 

64 

32 

20 

20 

17 

15 

05 

03 

13 

05 

EPOCH 

s 

60 

39 

25 

t  g 

15 

06 

06 

15 

05 

EPOCH 

9 

53 

77 

5! 

24  : 

Z6 

IS 

13 

17 

1  4 

06 

EPOCH 

]0 

30 

74 

55 

24 

n  T 
i- J 

17 

]  1 

10 

13 

06 

AOERnSE  IS:  38.79 


f/2- 

FREQ  250  500  750  1000  1250  1500  1750  2000  2250  2500 


EPOCH 

1 

496 

512 

355 

1  5 1 

149 

140 

183 

167 

1 04 

63 

EPOCH 

2 

351 

195 

184 

127 

10B 

94 

53 

42 

71 

35 

EPOCH 

3 

447 

239 

195 

130 

101 

98 

93 

65 

87 

56 

EPOCH 

4 

493 

293 

199 

137 

128 

125 

124 

89 

91 

60 

EPOCH 

5 

i 

159 

104 

109 

90 

80 

36 

27 

68 

26 

EPOCH 

S 

1 59 

103 

1  10 

SB 

80 

38 

69 

^  o 

EPOCH 

7 

441 

!S5 

134 

122 

105 

101 

5 

56 

7? 

'x  ^ 
i 

EPOCH 

8 

JPRl?/  634 

334 

21  1 

152 

117 

93 

78 

1  12 

120 

EPOCH 

9 

1014 

375 

195 

155 

1  18 

101 

69 

52 

84 

71 

EPOCH 

10 

577 

278 

182 

154 

125 

105 

73 

59 

83 

48 

NORMALIZED  PARAMETERS 


FREQ 

250 

500 

750 

1000 

1250 

1500 

1750 

2000 

7':>cr7i 

2500 

EPOCH 

1 

]  18 

123 

87 

56 

34 

33 

44 

33 

23 

14 

EPOCH 

S5 

4b 

44 

30 

25 

n  n 

4  <1 

12 

09 

15 

87 

EPOCH 

5 

iG7 

57 

45 

30 

23 

25 

L.C 

14 

20 

12 

EPOCH 

4 

1  IS 

69 

47 

3 1 

30 

30 

30 

20 

20 

14 

EPOCH 

5 

7S 

50 

n  "7 

4  U 

25 

20 

19 

07 

06 

15 

06 

EPOCH 

6 

7S 

38 

23 

25 

20 

19 

07 

07 

15 

06 

EPOCH 

7 

]0b 

44 

3! 

n  o 

25 

23 

1  9 

12 

17 

07 

EPOCH 

iJ 

7i-| 

152 

80 

50 

56 

26 

^  O 

L.  ^ 

1  7 

26 

iZ.  S 

EPOCH 

9 

245 

90 

45 

36 

2S 

23 

15 

1  ] 

19 

15 

EPOCH 

10 

1  39 

65 

42 

56 

30 

25 

i  7 

14 

I  6 

i  1 

A’JERASE  IS:  36.04 


Of\/ 


09-03-1997 

FREQ  250  500  750  1000  1250  1500  1750  2000  2250  2500 


EPOCH 

1 

543 

385 

172 

i  19 

184 

100 

74 

65 

87 

44 

EPOCH 

2 

749 

527 

454 

198 

188 

175 

201 

163 

130 

79 

EPOCH 

3 

725 

573 

281 

155 

140 

105 

70 

83 

84 

SB 

EPOCH 

4 

323 

170 

1  85 

1  !8 

9347 

80 

31 

25 

58 

28 

EPOCH 

5 

577 

367 

<?35 

t  "S'? 

10! 

8b 

A  \ 

*r  1 

j5 

71 

33 

EPOCH 

6 

442 

572 

257 

I3G 

157 

104 

107 

99 

85 

41 

EPOCH 

7 

459 

363 

289 

j  30 

i23 

95 

74 

55 

75 

39 

EPOCH 

8 

51  1 

433 

291 

!41 

137 

102 

101 

59 

75 

37 

EPOCH 

9 

539 

503 

355 

157 

197 

119 

192 

124 

79 

49 

EPOCH 

10 

528 

622 

452 

I  B  4 

153 

155 

257 

208 

1  15 

71 

NORMALIZED 

PARAMETER 

FREQ 

250 

500 

750 

1000 

1250 

1500 

1750 

2000 

2250 

2500 

EPOCH 

1 

105 

74 

Cj>  ii 

^  iii. 

19 

1  9 

13 

12 

16 

07 

EPOCH 

2 

144 

120 

87 

38 

35 

w'4. 

33 

30 

24 

15 

EPOCH 

3 

159 

1  10 

53 

23 

26 

20 

12 

08 

15 

10 

EPOCH 

4 

52 

32 

20 

20 

1 5 

15 

05 

05 

12 

05 

EPOCH 

5 

72 

70 

44 

24 

IS 

16 

07 

0B 

12 

06 

EPOCH 

B 

84 

70 

49 

24 

25 

20 

20 

19 

15 

07 

EPOCH 

1 

88 

73 

55 

24 

24 

17 

13 

12 

13 

06 

EPOCH 

8 

38 

63 

55 

26 

25 

19 

19 

12 

13 

06 

EPOCH 

9 

103 

1  1  6 

69 

30 

“T 

w-C 

3b 

^  n 

ilil 

1  5 

09 

EPOCH 

10 

101 

1  19 

87 

3) 

29 

3  1 

49 

39 

21 

12 

AVERAGE  15:  37. S 


(SiHOd/L 


EPOCH  9 

b22 

09-03 

- 1  997 

FREQ 

250 

500 

750 

1000  1250  1500  17 

50  2000  22 

50  2500 

EPOCH  1 

4G1 

393 

281 

131 

145 

101 

110 

100 

74 

57 

EPOCH  2 

468 

403 

291 

128 

1  1  9 

94 

91 

75 

72 

36 

EPOCH  3 

501 

445 

282 

144 

151 

104 

91 

82 

73 

36 

EPOCH  4 

554 

B7B 

427 

1G7 

191 

138 

262 

151 

S5 

5S 

EPOCH  5 

502 

535 

391 

152 

153 

145 

205 

171 

109 

65 

EPOCH  6 

347 

195 

191 

126 

107 

96 

57 

39 

71 

35 

EPOCH  7 

448 

240 

20S 

136 

101 

98 

97 

64 

87 

54 

EPOCH  8 

494 

296 

207 

154 

-530 

117 

128 

82 

92 

57 

EPOCH  9 

522 

159 

104 

109 

90 

80 

37 

26 

68 

26 

EPOCH  16 

NORMALIZED 

326  ISe  101 

PARAMETERS 

109 

86 

80 

38 

33 

69 

28 

FREQ 

250 

500 

750 

1000 

1250 

1500 

1750 

2000 

2250 

2500 

EPOCH 

1 

106 

91 

65 

30 

33 

22 

24 

22 

16 

07 
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We  report  here  on  the  development  of  a  small  low  power  Digital  Audio  Capture  and 
Identification  System  (DACIS)  for  the  automatic  identification  of  animal  calls  supported  by  the 
Strategic  Environmental  Research  and  Development  Program  (SERDP).  The  system  is  light 
enough  and  low  power  enough  to  be  attached  to  larger  birds  so  that  the  bird  can  act  as  a  sentinel 
animal  for  its  own  environment.  The  system  is  designed  to  be  used  with  a  Global  Positioning 
System  (GPS)  and  Argos  Platform  Transmitter  Terminal  (PTT)  which  will  allow  accurate 
location  fixes  and  telemetry  of  data  via  satellite.  After  capture  and  identification,  the  time  and 
location  of  identified  sounds  are  periodically  transmitted  up  to  the  Argos  satellite  for  relay  to  the 
earth. 


INTRODUCTION 

In  1981  the  Bird-bome  program  was  initiated  at  the  Johns  Hopkins  University,  Applied 
Physics  Laboratory  (APL)  under  U.S.  Army  funding,  to  develop  a  capability  to  locate  (i.e.,  track) 
and  monitor  small  highly  mobile  organisms  on  a  local,  regional  and  global  scale.  Initially,  the 
program  focused  on  the  development  of  small  Platform  Transmitter  Terminals  (PTTs).to  be 
tracked  via  the  French-U.S.  Argos  satellite  system.  Since  the  inception  of  the  program, 
miniaturization  has  led  to  the  fielding  of  transmitters  that  weigh  less  than  one  ounce  and  are 
capable  of  interfacing  with  an  array  of  sensors. 

The  primary  objective  of  the  Bird-bome  and  the  Remote  Environmental  Sensing 
Technology  (REST)  program  (follow-up  initiated  in  1991)  has  been  to  develop  a  system  for  the 
remote  tracking  and  monitoring  of  free  ranging  organisms  that  pose  especially  difficult  field 
problems  for  study.  Biotelemetry  can  be  used  to  collect  information  from  the  environment 
surrounding  the  animal  (temperature,  humidity,  altitude)  as  well  as  behavioral  and  physiological 
parameters  (motion,  core  temperature  and  heart  rate)  of  the  organism.  Biotelemetry  has  enabled 
scientists  to  accurately  study  behavior,  home  range,  and  habitat  use  of  wildlife  for  basic  research 
and  the  development  of  management  plans  for  conservation. 

However,  for  studies  of  free  ranging  organisms  that  travel  long  distances  over  extended 
periods  and  frequent  inaccessible  habitats  due  to  geographic  or  boundary  restrictions,  such  as 
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military  installations,  space-based  tracking  and  monitoring  systems  are  advantageous.  Remote 
tracking  and  monitoring  systems  can  support  effective  study  of  these  organisms  and  aid  in 
identifying  their  range  and  critical  habitat  requirements  for  breeding,  migration  and  wintering. 

The  planned  uses  for  the  acoustic  system  are  to  identify  the  prey  on  which  predatory 
animals  are  feeding  and  identification  of  known  calls  of  the  animal  on  which  the  unit  is  mounted 
to  identify  behaviors  correlated  with  those  sounds..  While  the  identification  of  prey  is  a  desirable 
goal,  it  was  felt  that  the  number  of  targets  for  identification  would  be  too  large  for  a  proof  of 
concept.  Therefore,  the  present  system  is  focusing  on  the  latter. 

The  DOD  has  established  requirements  for  environmental  research,  technology 
development  and  land  management  and  supports  a  variety  of  programs  such  as  Legacy  and  the 
Strategic  Environmental  Research  and  Development  Program  (SERDP).  Biological  studies 
designed  to  evaluate  effects  of  military  land  use  on  natural  resources  pose  unique  and  difficult 
problems  because  collecting  biological  data  during  military  activities  is  required.  Advanced 
technologies  that  allow  remote  tracking  and  monitoring  of  wildlife  can  alleviate  many  of  these 
conflicts  yet  provide  comprehensive  data. 

TECHNOLOGY  DEVELOPMENT 
Initial  Birdbome  Development 

The  Bird-bome  effort  to  develop  a  space  based  tracking  and  monitoring  capability  started 
with  a  study  to  evaluate  the  critical  engineering  paths  to  build  a  satellite  received  transmitter  to 
be  used  on  free  ranging  birds.  Requirements  for  the  development  of  the  first  prototype  satellite 
transmitter  were,  1)  identify  a  space  based  system  for  transmitter  development,  2)  develop  a  PTT 

under  200  grams,  3)  allow 
for  270  days  of  operation, 
and  4)  accommodate  envi¬ 
ronmental,  behavioral,  and 
physiological  sensors. 

The  French  operated 
Argos  System  fielded  in 
the  1970s  proved  to  be  the 
basis  for  the  development 
of  a  bird  borne  trans¬ 
mitter.  The  Argos  system 
consists  of  receivers  on 
the  Tyros  N  series  of  Na¬ 
tional  Oceanic  and  At¬ 
mospheric  Administration 
(NOAA)  satellites  posi¬ 
tioned  in  low  (850  km) 
polar  orbits.  The  PTTs 
weighed  a  kilogram  or 
more  and  operated  with 


Figure  1:  From  Left  to  Right:  Original  2(X)  g  Argos  PTT,  30  and 
20  g  Nano  PTTs  and  prototype  solar  powered  GPS/PTT _ 
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primary  batteries.  The  PTTs  are  positioned  based  on  the  Doppler  shift,  which  is  dependent  on  a 
highly  stable  frequency  transmission  at  104.6  megahertz. 

The  initial  bird  borne  PTT  had  to  be  relatively  small  (<200g),  to  avoid  adversely  affecting 
bird  flight.  System  Argos  required  PTTs  to  transmit  a  minimum  of  1.0  watt.  To  meet  this  power 
requirement  for  transmission  for  270  days  required  500  grams  of  primary  batteries  which  ex¬ 
ceeded  by  more  than  a  factor  of  2  the  maximum  allowed  mass.  Therefore,  we  initially  met  this 
power  requirement  by  using  a  solar  array  with  rechargeable  Ni/Cad  batteries.  This  power  a  pack 
allowed  for  tracking  duration  of  nearly  3  years. 

During  the  past  15  years  the  electronics  in  the  satellite  transmitter  have  been  continually 
miniaturized  and  provided  new  capabilities  through  the  integration  of  microprocessors  and 
mini-computers  as  shown  in  Figure  1.  The  newest  experimental  bird  borne  transmitters  weigh  20 
grams,  which  includes  3.5  grams  of  electronics,  an  8  gram  battery  and  the  remainder  in  the 
container.  The  transmitter  can  interface  with  a  variety  of  sensors  to  collect  information  from  the 
environment  surrounding  the  organism  as  well  as  collecting  behavioral  data.  Many  researchers 
are  now  applying  PTTs  to  the  study  of  birds  [1]  as  well  as  other  wide-ranging  animals  [2]. 

DIGITAL  AUDIO  CAPTURE  AND  IDENTIFICATION  SYSTEM 

There  remain,  however,  many  questions  for  research  and  important  conservation  issues 
that  need  to  be  addressed  in  a  timely,  effective  manner,  and  would  benefit  from  additional 
development  of  technology.  We  report  here  on  the  development  of  a  bird  borne  transmitter  that 
will  incorporate  a  Digital  Audio  Capture  and  Identification  System  (DACIS)  that  will  assist  in 
the  interpretation  of  acoustical  information  to  link  time  and  location  to  discrete  animal  behaviors. 
The  initial  goals  of  this  system  are  to  analyze  and  time  tag  5  distinct  animal  sounds  from  the 
same  species  or  different  species  and  transmit  that  data,  along  with  the  location  at  which  the  call 
was  heard,  to  the  Argos  satellite. 

Acoustic  analysis  of  various  bird  calls  was  performed  at  APL  by  producing  “waterfall” 
plots.  These  show  intensity  of  sound  as  a  function  of  frequency  and  time.  Plots  of  several 
species  appear  to  indicate  that  a  system  which  prepares  a  course  version  of  these  plots  and 
compares  them  to  a  known  template  will  be  able  to  identify  different  species  or  different  calls  of 
the  same  species. 

System  Hardware 

The  block  diagram  of  the  entire  electronics  system  of  the  digital  audio  capture  and  control 
circuit  is  shown  in  Figure  2.  An  audio  trigger,  which  consists  of  a  micropower  operational 
amplifier  and  voltage  comparator  is  always  on  and  listening  to  the  environment.  When  a  preset 
threshold  is  detected,  the  microprocessor  is  turned  on  to  start  the  digital  recording.  The  design  of 
the  digital  audio  capture  circuit  centers  on  an  MC68HC811  micro  controller.  This  device  was 
chosen  because  it  has  several  system  components  on  a  single  chip  and  small  size  and  weight  are 
critical  in  this  system's  design.  The  subsystems  of  the  micro  controller  are  the  internal  universal 
asynchronous  receiver  transmitter  (UART),  the  internal  timer,  internal  Read  Only  Memory 
(RAM),  Electrically  Erasable  Programmable  Read  Only  Memory  (EEPROM),  and  an  8-bit 
Analog  to  Digital  (A/D)  converter.  The  AID  converter  is  used  to  sample  the  amplified  signal 
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from  the  electret  microphone.  The  audio  sample  is  then  immediately  stored  in  memory  for  future 
transmission. 


The  MC68HC811,  which  is 
an  8  bit  micro  controller,  can  only 
directly  address  64K  bytes  of  mem¬ 
ory  space.  Therefore,  page  mode  ad¬ 
dressing  is  implemented  using  a 
separate  output  bit  to  control  the 
highest  address  line  (A16)  of  the 
memory.  If  more  than  128K  of 
memory  is  required  in  future 
versions,  new  circuitry  will  be  added 
to  control  the  chip  select  pins  of  the 
memory  chip  to  avoid  data  bus 
clashes.  There  are  enough  spare 
gates  and  microprocessor  output  pins 
present  on  the  existing  design  to 
increase  memory  to  512K  bytes  if 
desired. 

The  initial  memory  configuration,  which  used  two  32  Kbyte  memory  chips  was  replaced 
with  a  single  S-MOS  systems  128K  byte  memory  chip.  The  sampling  rate,  which  can  be  easily 
changed  in  software,  was  set  at  6,000  samples  per  second  to  yield  reasonable  quality  audio  play¬ 
back.  Initial  experiments  were  conducted  with  a  sampling  rate  of  2,700  samples  per  second  and 
proved  to  yield  marginal  results  for  the  intended  system  use.  There  is  a  direct  trade  off  between 

sampling  rate  and  total  rec¬ 
ord  time.  At  6,000  samples 
per  second  and  using  128K 
(actually  131,072  bytes)  less 
4,096  bytes  for  EEPROM 
(and  the  image  of  EEPROM 
in  upper  memory  which  is 
inaccessible  in  the  present 
implementation),  the  total 
record  time  available  is 
126,976/6,000  =  21.2  sec¬ 
onds.  Presently,  only  5  sec¬ 
onds  is  recorded  after  each 
triggering  event. 

The  microprocessor's 
on-chip  UART  is  used  to 
generate  the  serial  data 
stream  during  transmission. 
The  data  rate  is  progranuna- 
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Figure  3:  Prototype  DACIS  Board  Showing  Processor,  RAM  and  other 


components 
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ble  and  has  been  set  to  9,600  bits  per  second  due  to  requirements  of  the  prototype  modulator. 
The  data  rate  is  not  infinitely  flexible  in  that  the  rate  is  obtained  from  selectable  divide  ratios  of 
the  microprocessor's  clock.  The  present  data  format  is  8  data  bits  per  word  with  one  start  bit,  one 
stop  bit,  and  no  parity  bit.  Additionally,  a  74HC4024  counter  is  used  to  divide  the 
microprocessor  clock  by  8  to  obtain  a  153.6  KHz  50%  duty  cycle  square  wave  which  is  16  times 
the  data  rate.  This  signal  is  required  by  the  modulator.  Lastly,  during  transmission,  a  line  called 
transmit  is  brought  low  to  activate  the  transmitter.  This  line  activates  the  transmitter 
approximately  200  msec  before  the  data  starts  to  allow  the  transmitter  to  stabilize.  This  portion  of 
the  system  will  also  serve  as  the  control  for  future  features  such  as  control  of  a  Global 
Positioning  System  (GPS)  receiver.  The  microprocessor  will  then  reformat  the  data  and  transmit 
it  through  the  Argos  satellite. 

All  components  used  in  the  design  are  available  in  surface  mount  packages.  The 
prototype  board  is  shown  in  close  up  in  Figure  3.  The  board  measures  approximately  2”  by  2”, 
weighs  about  15  grams,  and  has  a  socket  for  the  CPU  for  test  purposes  only.  A  slightly  smaller 
version  has  been  designed  without  the  socket  for  later  testing 

SOFTWARE 

A  flow  chart  of  the  signal  processing  is  shown  in  Figure  4.  All  of  the  software  for  the 
system  was  written  in  6800  series  assembly  language.  After  power  up,  the  initial  section  of 
code  simply  initializes  the  timer  counter,  baud  rate  resister,  A/D  converter  and  I/O  pins.  The 
audio  capture  portion  of  the  software  controls  the  internal  A/D  converter  and  stores  each  sample 
in  RAM.  The  timing  of  audio  sampling  is  controlled  by  interrupts  from  the  internal  timer.  After 
all  memory  is  filled,  the  program  stops  capturing  audio  and  starts  to  process  the  recorded  data. 

The  processing  starts  by  implementing  a  digital  23  stage  FIR  (finite  impulse  response) 
filter  on  ten  bands  centered  form  250  Hz  to  2500  Hz  in  250  Hz  evenly  spaced  increments.  The 
total  recording  of  5  seconds  is  divided  into  10  epochs  of  0.5  seconds  each  and  the  ten  filters  are 
performed  on  each  of  the  ten  epochs  to  yield  100  time/frequency  parameters.  This  is  a  crude 
representation  of  the  waterfall  plot.  The  parameters  are  then  normalized  to  account  for 
differences  in  volume  level  which  may  disturb  the  pattern  match. 
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The  final  processing  stage  is  to 
match  the  100  parameters  against  the  5 
stored  templates  and  the  do  the 
threshold  detection.  These  two  critical 
stages  are  currently  under  development 
and  testing  using  wolf  calls.  The 
positively  identified  call  information, 
along  with  the  time  and  location,  will  be 
stored  for  later  transmission.  The  exact 
scenario  by  which  transmission  will  be 
started  has  not  yet  been  determined. 
The  possibilities  include  internal  timer 

activation,  reception  of  a  transmitted 

signal  to  the  animal  mounted  unit  or 
some  sort  of  proximity  activation  from  a 
small  device  placed  in  or  near  the  animals  habitat.  The  last  method  has  the  advantage  of 
allowing  the  receiver  to  be  near  the  free  ranging  animal  also  so  that  the  transmission  distance  is 
short.  Presently,  if  the  entire  contents  of  the  memory  are  sent  at  9,600  baud,  the  total  transmit 
time  is  about  132  seconds. 

Global  Positioning  System  Qualified  Argos  PIT 

The  Argos  system  is  capable  of  giving  locations  to  within  +150m  anywhere  on  the 
surface  of  the  earth  but  locations  obtained  from  tiny  low  power  (lOOmW)  ARGOS  beacons, 
mounted  on  the  backs  of  birds  often  give  locations  in  the  range  of  ±2  km  of  the  birds  true 

locations.  To  achieve  the  highest  grade  Argos  location  at  least  4  messages  have  to  be  received  by 

the  satellite  over  a  period  exceeding  420  seconds.  The  availability  of  small  commercial  GPS 
receiver  modules  have  now  made  it  possible  to  combine  such  a  receiver  with  an  Argos 
transmitter  and  field  a  package  small  enough  to  be  earned  by  a  goose  size  bird.  By  scheduling 
the  collection  of  GPS  locations  throughout  the  day  and  storing  these  positions  for  later 
transmission  via  Argos  as  many  as  20  GPS  positions  (  +20  m)  can  be  transmitted  to  the  user  in  a 
single  Argos  message. 

An  Argos/GPS  package,  under  development  by  Microwave  Telemetry  Inc.,  incorporates  a 
commercially  available  GPS  receiver,  a  microcontroller  based  data  logger  and  a  Microwave 
Telemetry  NANO  PTT.  The  data  logger  controls  the  GPS  receiver  and  the  collection  of  GPS 
data  which  is  dependent  on  power  availability  from  the  solar  charged  power  source.  The  data 
logger  then  sequences  data  transfer  to  the  NANO  PTT  at  times  favorable  to  satellite  availability. 
The  prototype  unit  is  now  undergoing  laboratory  testing  and  weighs  less  than  200  grams. 

DISCUSSION 

The  technology  we  have  described  is  designed  for  use  on  free  ranging  animals  to  provide 
data  on  their  locations,  behavior,  and  environment.  A  GPS  receiver,  when  integrated  with  an 
Argos  PTT,  will  provide  more  accurate  location  data  that  can  be  collected  at  pre-designated 
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times.  The  Argos  system  is  dependent  upon  collecting  frequency  data  on  the  PTT  signal 
transmission  to  calculate  a  single  time  dependent  location.  With  the  use  of  a  minicomputer 
integrated  into  the  unit  GPS  positions  can  be  collected  according  to  a  programmed  schedule. 
This  will  increase  our  ability  to  locate  free  ranging  organisms,  and  derive  important  facts 
regarding  range  and  habitat  use.  With  enhanced  accuracy  and  greater  numbers  of  locations, 
home  range  estimations,  programs,  and  Geographic  Information  Systems  can  be  used  more 
effectively  to  relate  animal  movements  to  jurisdiction  boundaries,  habitat,  and  land  use  activity 
maps. 


Animal  sound  identification  data,  in  combination  with  time  and  location,  will  provide 
additional  information  relevant  to  natural  resources.  For  example,  the  DACIS  is  designed  to 
recognize  animal  vocalizations,  thus  allowing  evaluation  of  animal  behaviors  and  specific 
activities.  By  locating  exact  animal  behaviors  and  linking  them  to  specific  habitat  within  the 
range  of  the  organism  valuable  information  can  be  collected  on  relationships  among  animals  and 
micro-habitat  components  of  their  range.  The  retd  time  and  near  real  time  components  of  new 
telemetry  will  allow  more  complete  study  of  animal  responses  to  a  wide  range  of  ecological 
variables.  Time  coded  information  on  location,  heading,  altitude,  speed,  ambient  temperature, 
humidity  and  other  sensor  data,  can  be  displayed  and  analyzed  relative  to  other  geographically 
linked  features  such  as  geomorphology,  ecological  community,  meteorology,  and  l^d  use 
activities.  Free  ranging  organisms  tagged  with  animal  track  and  monitor  units  act  as  a  sentinel  in 
the  population.  These  sentinel  individuals  either  moving  alone  or  in  herds  or  flocks,  can  reflect 
the  activities  of  many  organisms  and  enhance  the  biological  data  base  dramatically. 

Discussions  with  commercial  companies  have  not  yet  identified  any  willing  to  fund  the 
development  of  this  system.  Some  have,  however,  indicated  an  interest  in  fabricating  the  unit 
after  the  proof  of  concept  has  been  completed.  A  system  which  automatically  trains  the  DACIS 
unit  from  animal  sound  recordings  will  likely  be  necessary  to  commercialize  this  unit.  Presently, 
the  setting  of  the  100  template  parameters  is  a  labor  intensive  task. 

The  use  of  a  stand-off  system  to  monitor  and  collect  pertinent  environmental  data  can  be 
used  very  effectively  in  the  evaluation  of  a  variety  of  issues  pertinent  to  many  human  activities. 
Noise  effects  on  people  as  well  as  wildlife  pose  a  significant  problem  in  many  areas  and  require  a 
significant  investment  in  time  and  money  to  resolve.  Sensors  capable  of  measuring 
environmental  noise  at  the  organism  are  in  place  and  being  used  by  the  U.S.  Air  Force  to  monitor 
jet  aircraft  noise  and  by  the  Army  to  evaluate  single  event  noises  associated  with  weapons  testing 
and  training.  The  DOD  is  developing  the  capability  to  monitor  the  level  of  noise  at  the  organism 
and  the  behavioral  response  to  the  event. 
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